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VALVE CHARACTERISTIC V £TER TYPE 70? 163 
SERVICE MANUAL 


TEST EQUIPMENT REQUIRED 


(41 

Electronic Avcaeter ' jzs EA r '• j (or ecu- vsicnc) 


<»: 

Monel 3 Avonatars 


(c; 

Valve E55L (stancarc- seo tpr mutual conductance at 16mA anode current 

= 3235 

(d) 

Resistors various. iPft : 5&, |U2 3- variable. 3.5kfl : 

5% 4.SW, 


960& - 5 % a’-tn a ra'i^g of greater 

15CSL \% 5* 

than 3?*/. 

(*) 

500V Megger 


n 

reive 12A77 and Recti'ier Valve U5Z 

*• See81 ~sl/ 46 d 


(q) 

311 icon Diode CC058 



GENERAL NOTES 


Car* should oe ■•.wziiM *«en servicing due to the presence o’ ‘.'3 

to 180 V nw w. 1 rn-.n tre ^:er*cr ;r We instrument. 

a 11 measurements uro -.3!*r jAces stated do not include these or -fre 
testing instrument. ano -her-; necessary, these should be ascertained, 
i*i order that they may te ‘wen nto ccnsice-ition during calibration 
;>r3cedure. It is raccrr-endec r--u the specified instruments are employed. 

If a: any time 't *s necessary to displace wiring wit.nin :ha 
instrument, great care -.st =* ta<en ;p ensure that it is replaced in tne 
original position. 


TO CHECK THE ACCURACY USING STANDARDISED VALVES 


Where tne accuracy or tie instrument is -n doubt, standardised 
valves may o? used tc check t-c instrument, “or this, an la/Vg curve 
nose oe plocted at recede need va (See Valve Data Book}. Frcn tne 
Curve obtain tne Mutual Coreuctance at a point (;a/Vg) preferably given 
by the Valve Oati Book, if it is on lineir portion of the 
characteristic. 

Mutual Conductance - f-r 

Acecuateiy 'smoothed dc supplies should he used and Model 8 
Avcmeters t- monitor Va. :a anc Vg. A valve to be standardised must 
be aged for at least 24 hours and ones the valve is standardised it 
must be Taoelied and dated. 
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RAPID PERFORMANCE CHECKS 


{.!) Ensure chat the .-neins switch is off. 

supply. .vccess to Che VOLTAGE *EL*'’Q3 a--::* - ‘ a ? ns 

g.™ •' whicl; 2 s r M 

tnr. Im 1*1 f*'t CZ Z ? Srk ” UC * T2S - a». 2*0. 220, 230 

”—-* s-r^ was ssu 

(c) 5f: wavs is ssr.r«rr 0 -::.— 


[*) 


Sec "e CIRCUIT SELECTOR s-ucn r; -* ao<l .., n rH -. r , f . 


ce- ?o:r.C6r «s as ne«, 
in :ha 0 f this 


<*> Rotate the SET — control un-.il 

as possible co the red lire *arv«._- - 
olack scale marking. 

‘ [[ th0 in 1 tla ! of Che H»;:*s ‘.’OLTAGE SECTOR is 

(gj If CMS is not possible an <, ro cat sen. of the '£7 fnnr „o 
does not enaole the pointer :o r« a „ 1 ,,-!/^JTluL 

sacs » ” 

” :“SSSS 31 rS 

(JI WiMS ,4 '!“ w*-- ‘or •- given arede current 

. .^Vr ; s w ; t J! n : ° r r ang# v«'. U ii -0.25V am g i $ w i ;h1n 

- r.s.d. of standardised value. * n 

!k> a*?!*! reelsCdnc“^net’v» Qn °f the CI!c ' Jir S£LECI0R »lw». Insert 
Cdac? oer " een 3', inn c. Set VALVE PIS SELECTOR 

rnn'l'l'is.^ 2 “ C inl3 s ’l '»«««<«’* inn tap pins . and 

W tSlJinjlS'IL'K fa,i -n«e«l- « -A meter. 
ne » r,a ***•« snculd p e between ii ;nd 53. 

(n) Disconnect the resistance and swit-n off. 
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SIMPLE FAULTS 


id facilitate servicing or calibration of the instrument, it is 
necessary to remove the back and sice plates from the instrument case. 

This is accomplished oy the removal of four instrument headed screws'” 
from the side plates aivd six round needed screws from Me back olate. 

The valve panel is then also -eadily accessible. 

Symptoms 

Possible Fault 

Action 

No red panel Tamp 
i no i c j t i on 

No Bums input 

Indicator bulb burnt out 

Check mins connector 

Replace red indicator 
ou lb 

No red panel lamp 
indication or meter 
deflection 

Fuse blown 

Check .MAINS VOLTAGE 
SELECTOR. Reolaca 
fuse 

No indication of 
motor current 

•Nc anode volts at **lve 
pm 

Check cnat the ar.one 
link is cignt ana 
making firm contact 

No indication or 
meter current arc 
protective relay 
operates when 
testing tetrodes 
or pentodes 

No ancce volt> at 
valve pm (screen 
volts present; 

Check t.-.at anode line 
is t*’S r - and making 
firm contact 

PROTECTIVE RELAY OPERATION 


(a) Connect a 960r. - 5: resistor with j rating gf 20 « between aroa* 
ana catnort* circuit?. 

(!)) Set the Anode volts to 12.6. the *A swi-.cn to la 100 anc CIRCUIT 
SELECTOR to 'Test* 

(cj Connect the Instrument to the ®ains supply [See Rapid Performance 
Checks) and switch cn. 

(d) Increase the Anode Volts step by step until the cut-out op-rates. 

The voltage it which this occurs must lie within the limits 175V 
to 250V Inclusive. 

(-) Set the Anode Volts to 150 and switch instrument on ana off 
several times. The cut-out -»ust not operate. 

( r ) Repeat a* 350V. The cut-out must operate every titne. 

Should the overload relay operate during testing {indicated by toe 
lighting of the blue overload Imp on tie front panel', switcn off ana 
check for incorrect setting of Me SELECTOR switcn or electrode voltages. 
If these are correct, but the relay continues to operate when the 
inscruirent is switched or. again, the valve is probably soft and tne 
test should proceed no further. Switch of? anc remove the valve under 
test, 'when switched on again, t.-.e instrument Should function normally. 
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SERVICING iHE VALVEKQLDER PANEL 


.The vaWeholder panel is connected electrically to the contr-; 
° ane ‘ n e=ns of 3 12-nay tag-hoard. ■ r.e firing of the valveholders 
yn the pane; is in the fom or thirteen separata lccps, all pins 
numbered ' r_co*prisir . 5 3 loop and linking in roller '}' of the 
? ' 0ll - R -ELECTOR switch, -snd pins niraerod ‘ 2 ' forming a second loco 
and linking to roller 2 ‘ , jn <3 sc on. 

.Inis forn of connection is used for *11 other pins, all thirteen 
Circuits Doing approximately equal in eng-n *nd following a similar 
::atn arcane the panel *h*s* loses are loaded with ferroxcube fceics 
-inch sur.iciently dam; :ne coo to or-v-nt tre valve breaking into 

:dr4 on l : 1 'rn°?r 1 i!-^ 0n ' D * itls ir * s,sa «*«* 3" leads feedlnc 

- e WCLL-3 SE_;CiCR s*:::r as 3 -untie*- protection against oscillation. 

Wner- It is necessary to replace . 4 : ver.oice-s. those fitted to 
:ne panfil with nuts arc bolts ire easily removable. «hen renovinc 
-•vetted valveholcers care sncula te ts*e*i to ensure that rivets i'i 
liri ed out from the umjersice of tne panel, ill wire must be 
replaced in its original position. 




VOLTAGE CHECKS WITH NO VALVE UNDER TEST 


Connect the instrument via a variac to the rains 'input. The 
Outout rrom the variac should be ronicored with an ac voltmeter which 
is accurate to = 0.5i at 240V. Adjust the variac until the voltmeter 
reacs ZwOV. me oams fuse should be inserted in the VOLTAGE SELECTOR 
panel *or 240V operation. Ensure that the instrument is switched c if 
whilst making these adjustments. 

H;L S Ti l £S es d5 fo,,Cw5: Set ~ at mid-point, Leakace at 
C1RCU1. ScLECTCR at CHECK (H) or CHECK (C). 

Anoce anc Screen Voltages 

(a) Set VALVE PIN SELECTOR switches TCI and TC2 to 1 and 8 respectively 

(b) Connect an Avoneter Model 3 (set to r.easure dc volts) across tnw 
top cao sockets. 

(c) Set the o* switcn to la * ICO and CIRCUIT SELECTOR swiccn to Test. 

(d< Vary the Anode Volts free 12.6 to 400 and ooserve the following limits 


NOMINAL 

ACTUAL 

LIMITS 

12.6 

7.24 

6.7 - 7.2 

20 

11 

10.3 - 11.1 

30 

16.05 

15.2 - 16.3 

40 

21.1 

20.2 - 21.4 

SO 

26.2 

25.1 - 25.7 

60 

31.25 

30.1 - 31.9 

75 

33.3 

37.5 - 39.7 

90 

46.4 

44.7 - 47.5 

100 

51.5 

4^.7 - 52.7 

125 

54.2 

62.2 • 65.7 

ISO 

77 

74.7 - 73.7 

175 

69.65 

87.2 - 91.7 

200 

102.3 

100 - 105 

225 

115 

112 - 116 

2 S0 

128 

12S - 131 

275 

140.5 

137 - 144 

300 

153.3 

150 - 157 

350 

178.9 

175 - 133 

400 

204 

200 - 208 


ia) Set TC2 to 7 and observe that the above readings are repeated as the 
screen Volts are varied. 

Heater Voltages 

(a) Set the VALVE PIN SELECTOR switches TCI and TC2 to 2 and 3 respectively. 

(b) Connect a Model 3 Averseer set for ac voltage across TCI and TC2. 


(c) 5et the CIRCUIT SELECTOR to CHECK (K) and measure Heater Volts. 


nom:::al 

ACTUAL 

MOMIHAL 

ACTUAL 

0.1 

0.1C2 

40 

40.3 

0.2 

0.20* 

SO 

51 

0.3 

3.2C5 

60 

51.2 

o.a 

O.ai 

70 

71.4 

0.5 

0.51 

80 

81.5 

10 

1Q.2 

90 

91.3 

20 

20.a 

ICC 

102 

20 

20.c 

11 c 

112.2 


Limits are rot given -'or t-.is test, the purpose of the test :s to ensure 
that the correct tapoings of the transformer i-e connected to their 
appropriate switcn pos-tions. 

(GJ Switch off and r-rove the ''era'. 


SETTING-UP PROCEDURE 


'lots: The Multinec-r used in tne 'allowing c*. 'oration procedun 
mould be >tandariisec at too itD^tonitt voltages before r.ak-.-c any 
adjustment as mentioned in the following oaragraoh«. 

(a) Set all pr»->et controls a: *ooroxi»ately .md-point (RV1, *'.'2 »'•= 
R73 cn the potentiometer toa-a >n*d Rvl anc RV2 cn the sscillatpr 
ooara). If the instrument na> be-n previously ca Hbrataa and -.0 
replacement of relevant components n« teen necessary, do not 
adjust the potentiometer? ur.’es; it is oovious that adjustment 

is required. 

(b) Check nechanical :ero adjustment on panel aounted -neters and set 
cero if recut red on co*n oe?e-s. 

(c) Set the 7CfAG£ SELECTOR to >' 0 volts and check that the m^ns 
wires are connected to tneir iporopriate tags (Red - line. 

31ock - N, Green - E.) 

(a) Carry out a continuity test w*tn tne Model 3 ensuring that i-jrt- 
1 : connected cc trie frame cf t~e instrument. 

(e) using the 500V Megger, test the insulation Between: 

(ij ’cero line and sains wire (Red - line, Slack - neutral) 
(il) zero line and the frame of the instrument. 

* a conven-ent point on the tero line is the junction of IP1 1 r.c 
LP2. 

With tne instrument supply switch at ‘cr.’ the insulation should be 
greater thin IQCMct)- 


(f) Feed tne wins inout from a variac {output from variac to be 
monitored wich an ac voltmeter -.hicn is accurate to : 0.51 at 
2*0 volts). Adjust variac until voltmeter reads 2*0V. 






(9) with the instrument switched on, set switches as fellows: 

SET ^ at mid-point, LEAKAGE it ~~ , CIP.CUIT SELECTOR at CHECK (H 
or CHECK (C). 

(h) Set the oA ireter to the red lire markac by adjusting SV3 and 
ensuring chat the ac voltmeter reads exactly 240V ac this point. 

(;) R otate the SET ~ switch fro* full art:-clockwise position to 
full clockwise position and check that in increese is indicated on 
the uA meter for each position of -he switch. 

i') Connect .1 dc voltmeter between ;e'o line and the junction of RV2 
and W2!. The accuracy of the voltmeter oust be ; 0.5 ; > at :2V Jc 
ar.d the sensitivity ZO.OOOc/V or merer 

(nl Shc the CISC'J:' SELECTOR switch to "es: and adjust RV2 until the 
voI:;etar reacs 52V dc, again eos-ring ;-a: the wins is exactly 
?40V. 

connect a cc voltmeter («ccel 8; across zero line arid the slider 
af RV4 (mounted on the front panel). Let cne Grid volts control 
such tn«u wnon tie cursor is at :e*-o v.e voltmeter rcacs ;ero and 
tnera is an indication on tne meter imreoiacely after tne cursor 
passes cne :sra oosition. 

(p) Replace the Model 8 by an electronic multimeter and with the 
cursor sac cn 5. sec cue Grid volts switch to eacn position in 
turn. 

(o) !he voltage should reao 0.78, 2.6, 7.3 ana 20 volts : 3*1 as the 
Grid Volts switch is set to 0-3. 3-10, 3-30 and 0-100 respectively. 

( r ) . Check chat the oscillator board is connected to.the correct H.7. 

transformer tappings, i.e. oscillator bca-a tags 1 and 2 are 
connected to transformer tags 6 and 3. Check that the voltage 
across tags 1 and 2 is approximately 24V r.m.s. and the voltage 
.across C7 (oscillator ocard) is approximately 12V dc x 5t. 

(s) Connect the electronic ouitiaeter across the red end brown (earthy) 
sockets on the amolif'er board. Set ere electronic multimeter 

to the 3CmV ac range (or as aoprooriate} and adjust R'.'l on tne 
us e 1 iatpr board until tne multimeter *-eaCs ISmV. This seating 
is.only correct -hen the ancient temperature Is between 13° anc 
22°C. 

(t) Set the ipA/V switch to Cal and Rv 1 or. tne potentior,eter be ard to 
md-range. (Dc not adjust RYi if it has not teen replaced). 

(u) Adjust RV2 ( oscillator acard ) until the ’A/'.' ireter pointer is on 
the red line marked Cal. Final fine adjustment can be made by 
adjusting RVi an the ootentics-gter board. 

(v; Connect a sub-sCanCard dc ameter in se-*gs with a Ikp variable 
3V. resistor and 3.9*a : 5t, 4.5W fixed resistor. Correct the 
who'e arrangement across anode and cathoce links cr. the valve 
panel. 
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(w) Set the mA switch to la, 3r£, tne Ancde Volts to 12.6 and the 
CIRCUIT SELECTOR switch to T est. Adjust the variaole resistor 
ta set the nA meter to full scale. T he sub-standard meter should 
read 1.5irA ; 2.5‘S. Repeat this test for the following switch 
Settings: 


la 

va 

Sup-standarc 



r.e ter 

readirc 

10 


5rA 

: 2.5a 

•30 

12.5 

iSfrA 

= 2.5; 

•100 

SC 

SCir.A 

a 45 


* : ar these settings snort 
tne 3. 5'*tl resistor. 


FINAL TEST PROCEDURE 


When *11 repairs nave aeon carried out inc the instrument '•. 

ra-assemcUd, carry out the following final test detail. 

(a) Apply a 500V Heccer test tec-een the mains input ar.d frame. 

(b) Apply ZAOV via a variac to tr.« -nstrynent and adjust the nets' 
pointer to the ~ *s r< on the scalepiate. (For full details 
see Raold Performance Checks to 'g). 

(c) Set the VALVE PI?* SELECTOR switch to 133 *56 "39 XYZO 

(o) Set the CIRCUIT <£LEC - CR switt.n to CHECK (C) 

(*) Using the SP14S valvenolce r on the valve panel, connect a IHa. * Si 
resistor between oln 1 and tne sms listed below, as tne IE-.<AG£ 
switcn is set to tne positions $non. For each setting the .iw 
meter should reac iMf, : 1 2 %. “or convenience, the pm nuacermg 
of tne SPHS valvenolaer is given in the diagram. 


Pins leakage switch setting 

2 h (C) 


3 


c (C) 


4 

5 

6 

7 

8 


*‘l 

S“l 

3"‘l 

*2 



o 

10 

11 

12 



S- 



(f) Sec Che CIRCUIT SELECTOR switch to CHECK (H) and test as in (e) 
for one or two positions. 

(a) Set Che CIRCUIT SELECTOR switch co C/h INS arc connect the IMo 

resistor between cathode and heater. The meter should arair. read 
1MQ : 105. 

(r.) Set che Anode Volts to 12.6, the nA switch to la 100 ar.c CIRCUIT 
SELECTOR to Test. 

{JJ Connect a resistor of 960:'. : 5i having a rating cf much greater chan 
SOW be tween anode and catnode circuits. 

(k) Increase the Anode volts step oy step until the cut-out poerates. 

The voltage at wnich tnis occurs nust lie within the limits of 
175V to 350'/ inclusive. 

(m) Set the Anode volts to >50 anc switch instrument cn and off several 
times. The cut-out must not coerate. Rereat at 350 volts. The 
cut-out must operate every tine. 

(n) Set VALVE PIN SELECTOR switch to 317 231 1*1, Ancce ar.c Screen 
volts to 125V, Grid volts -to 3V and Wester volts to 6.3V. 5*t 
the ELECTRODE SELECTOR switch to a*. Insert an £551 stircaraisoc 
valve and obtain the values apolicacle to the valve as standardised. 
Ensure that the valve ccei not oscillate. 

(p) Repeat (n) for the following settings: 

Val ve *ln Selector Electrode Selectm 

817 231 151 a" 

217 231 151 «*" 

(<j> Set the CIRCUIT SELECTOR >witm to Gas position and oosa-*vc 
that both teeters read «ro. -air a division cn the top stale 
Is pernitted). Both uet-rs »us: also rose zero when me rA/V 
push-button is depressed. 

(r) Using stancardisac valves crec< mat for a given anoae current 
the Bias is within r 5; of range value - 0.25V and that ; a is 
within r 5- f.s.C. of standardised value. 

’One valve for each range anc a directly heated 
valve must Be tested. 

(S) Check the Gas position of the CIRCUIT SELECTOR switch. Insert a 
one meg ohm resistor between o'j and C, set VALVE FIN SELECTOR 

switches 1 and 2 to c ard g’ ; respectively and tap pins 1 and 2 

on SPUS. Adjust Gnc volts for half full scale deflection on 
mA neter. The voltage across me lttl -esistor should be Between 
>-5 and 55V. 

(t) Using me Avo Valve Data Manual set jo the instrument to test a 
valve 12AT7. Switch the CIRCUIT SELECTOR to Gas. There should 
be no reverse deflection of the pointer for any bias more negative 
than -3Y. 



{u) Connect a 150c rasistcr = !?, 5’*J in series with a silicon ciode DD053. 
Use this as a standard rectifier to test the 0/S ranges. Set the 
VALVE PIN SELECTOR switches 1 and 2 to c and a' respective'!/, and 
tap pins 1 and 2 on 5P14S. 

The readings should be as listed below: 


:r-. Range 


Reading on 100 scale 


TSCirA 

67 

- 82 

120 mA 

70 

- £5 

SC®A 

75 

- 90 

30mA 

SO 

- 95 

ISxA 

05 

- 35 

5nrt 

£7 

- 97 

1mA 

3= 

-103 


{■/) Set up the instrument in accorcance with t~e Avo Valve Data 
Manual to test a rectifier valve U52 using a ^alve which ,; s 
known to be good. Set tie ELECTRCC6 SELECTOR at a' H and s” a 

and check that the pointer lies near the centre of the ‘Good* 
region, i.e. oetween 70 anc 30 on the 0 * 100 scale. 

(w) Re-sec the VALVE PIN SELECTOR switch to supply d^ode aroces 
a-' d and a““ d Instead of a' d and a‘ d . (VALVE PIN SELECTOR 

SETTINGS 030 ICY 020). 

Check as in (v) that tr.e sano readings are now oocalnea in we 
appropriate position of the ELSCTPOOE SELECTOR s-it:n. 

(x) Switch off and remove all test instruments. 4*t the CIRCUIT 
SELECTOR and nA switches to 'est and . respectively before 
transport. 
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SPARE PARTS LISTS 


. Individual asseroHes are illustrated in Figs. 2 to 9 incl. 
j-n associated Parts List is given for each assembly which detail's 
the description and relevant Part No. of the individual components 

An overall interior view of the instrument is given in Fiq. 1 
Vgh,cn indicates the location of the individual asserolies. 

_ Following the t1 lustrat*pns additional Parts Lists in Circjic 
varerencs „o. order are given for eacn Circuit Diagram. 


PROCEDURE FOR ORDERING SPARE PARTS 


If you -ill follow the procedure set Out below, celays will 
net occur cue to Me excnar.ce of jnnecessary correspondence: 

{') Identify the spare part required from the appropriate 
r’gare and ascertain ;ne AVC *art No. 


(li) when ordering state the 5ar: ri 0 . anc description of the 
itchi require-j. its location in tne Instrument and 
instrument serial nusoer. 


Overseas users sno.jlo send t.neir requirements to the AVO 

** irr, ’ 2r /- l' ? arcs ar 5 required in the 
urmea Kington application shoulc ae made direct to Avo limited. 


n 



fig. i chassis assembly 


Item No. Description AVO 


1 

•nA/Volt Switch Asse*t>iy S3 (see Fig. 5) 

Part No. 

45190 

2 

Vai-.-e rdnel Assembly (see Fig. 5) 

45215 

3 

“A Switch Asseroly S3 (see Fig. 7) 

45139 

4 

r>Drt- Panel Asssicly (see Fig. 2) 

45193 

•• 

3 

Grid Volts Switch ~555coly S10 (see Fig.B) 

45i aa 

6 

Conoonant ooard Asse^cly (see Fig. 9) 

45154 

7 

Amplifier Beard Assembly (see Fig. 3) 

450 C 1 

a 

Oscillator i Pcwe' Unit Board Asseco!y 



(see Fig.- A) 

4=002 

RVI 

Pocentidwtar 5CCf. 

27133-325 

av2 

Potentiona^r lie 

27133-321 

R73 

Potentiometer Z\‘ 

27122-241 

T1 

H.7. Transformer Asseooly 

4=135 

f2 

L.r. Trans*orr.er Assembly 

45157 

RLI 

Relay 

45211 

C1-C4 

Capac:tors l a F 400Y 

27533-313 

D4 

Oioce ooosa 

28461-501 

DS, Do 

Dioco IN2069 

23462-635 


: 2 




hassis Assembly 



















FIG. 2- FRONT PANEL ASSEMBLY 45193 


tern No. 

Description 

Avo Part »Nc 

1 

Switch Circuit Se’ector $5 

45187 

2 

Switch Electrode Selector 54 

45323 

5 

Switch irA/V $8 (see Fig. 6) 

451=0 

9 

Switch mA S3 (see Fig. 7) 

4=15? 

12 

Switch Gric Volts S10 (see r ig. 3) 

45133 

?3 

Switch Hester Volts S1I 

45313 

la 

Switch Heater Volts SI2, Si3 

4=825 

IS 

Switch Screen & Anode Volts SI, S 

4=502 

20 

Switch Set Cycles SU 

45823 

21 

Switch Leakage So 

45316 

22 

Toggle Switch 0n/Gff_S15 

25454-251 

23 

Indicator la**) (Red) L?2 

25517-223 

24 

Bulb 6.5V 0.35A 

2S5U-57? 

25 

Incicator Lamp (31ue) L?1 

25517-225 

26 

Potencio-ncter Grid Volt: RY4 

27228-222 

28 

Front Panel 

3286-51? 

20 

Meter Assembly «A/V -*f 

45206 

31 

Meter Assembly 

45191 

33 

Knot Assembly 

45? 13 

3/ 

Push-button switch «A/V S7 

45431 

39 

Push-button switch rA S9 

45524 

39 

KncD Collet Black 

22762-2S$ 

40 

Knob Cap Grey 

23762-384 

41 

Knob Skirt Black 

23762-854 

42 

Resistor 2.4k ; It (R33) 

26232082 

43 

Resistor 56k a 2t (R32) 

26834-497 


. H- 



















FEG.3-AMPLIFIER BOARO ASSEMBLY -5001 


Item No. 


Description 


Avc 3 ar: He 


1 

2 
3 
A 

5 

6 
7 

3 

9 

10 
11 
12 

13 

14 

15 

16 
17 

19 

20 
21 
22 
23 
2* 
25 


Printed Circuit Soar- 
Transistors 2N2925 (YT1. 253) 
Resistor 9.U : ll (R?1 
Caoacitor O.OI/»F : 2Ct 160/ Jc (d) 
Resistor Se< - 1 % (S55 
Resistor lCk t 2% fR5. 66 
“csistor 20k ; >% ;R7. fl)') 

Caoacitor 33Cf~ ; 20£4)0/ae (fclO) 
Resistor j.3k - Zi iPj; 

Capacitor 10^F 15V cc (&, S a 6) 
Resistor 32k ; ’■% R1 0) 

Resistor 5.3k : 2%(MS- 
Resistor 22’< : 2% (R!2: 

Capacitor 50^F ’5Y cfc -C7 
Resistor 20Cs = \% (R^;. 

Capacitor 0.47^" : 1C& I60v Jc (C8.CS) 
Oicde IN 9U (01. 2. 3 i a) 

Printed Circuit T*55 
Capacitor y ; V, 150V d: (Cl) 
Resistor !0r. : \% (Rl) 

'ra.nsforme- 

Cacacitor I990o? : 2*. 125/ gc (C2) 
Resistor 15k = Is (R3) 

Resistor 30k t 15 (R4) 


• 213-526 
26552-60: 
26334-a7: 
2.-522-’.: = 
'5332-a?* 

35334 ..::; 


25334-46: 

27462.4.;; 

263 32 - H' 
25334-4;- 

2te24.4,:; 

27462-4-1 

25232-3:5 

27537 -1 = ’ 

23435-62• 

2:255-3;: 

27533-.-.-= 

25232-22: 

4=003 

27322-133 

26232 - 4 ::' 

26222-4C-* 




. c i$3 Amplifier Board Assembly 45001 


- ! I - 




r IG.4- OSCILLATOR AND RO'-ER U?«IT 30ASD ASSEMBLY 4S0C2 


tern No. 

Description 

Avo Parr No 

1 

Printed Circuit Beard 

3213-*28 

2 

Thermistor Type 314 iuk r 201 3 20°C (TH2) 

27284-313 

3 

Heat Sink 

3565-615 

4 

Resistor 11 : ?! (M. RIO) 

26834-4=5 

5 

Capacitor jQyT 15V cc (C£) 

27452-413 

6 

Thermistor Type A14 IGk = 201 ? 20°C (TH1J 

27234-330 

7 

Resistor jk : 21 {*14) 

25334-456 

3 

Transistor 2N2925 (YT1, 2 i 3} 

2S552-5C1 

9 

Resistor 4 . 3 . : 2 % (=15) 

25334-470 

IQ 

Osc; 1 liter* Output transferor (T1) 

45024 

11 

Printed Z irejit r ics 

252=5-5:2 

12 

Pownticrete*' *.Jk z 201 &Y2) 

2711.3-'12 

13 

Resistor 30i : £% R13) 

25234-413 

M 

Resistor 1 r Z % ;R11) 

25334-454 

15 

Resistor 3.3k : Z% (RS) 

25534-467 

16 

Diode IS 921 (01) 

73461-=24 

17 

Diode IZ12375 (02) 

28475-23! 

ta 

Resistor 52Ca : 2% ;aI?> 

26834-450 

19 

Resistor 36< : 2*. >=6} 

25834-4 j2 

20 

Capacitor lCCjr 15V dc (C7) 

27462-4!7 

21 

Capacitor Z'Z'Zy 37/ cc (C3) 

27462-421 

22 

Resistor 8.2V ; 23 ;*2) 

26534-477 

23 

Resistor 20k = \% (Rl) 

26232-404 

24 

Resistor 5.3k s I 4 . '82) 

26232-393 

25 

Caoacitor l?30oF : 21 125/ dc (Cl. C2) 

2752Z-133 

25 

Capacitor lOtr 15V dc (C3. 4 & 5) 

27462-4C5 

27 

Resistor 5.1k = 11 (813) 

26232-29C 

28 

Resistor 1.2k s 2”. (R5) 

26334-437 

29 

Resistor 2.4k : 2'. (84) 

26334-464 

30 

Potenticaeter Ik ; 2V, (871) 

27113-Tag 

31 

Resistor 10k = 21 (37) 

25534-47= 

32 

Resistor 270c = 2*. (R12) 

25834-441 

33 

Resistor lOfi. ; 11 (P19) 

2S232-325 

34 

Printed Circuit 3cc<?t 

45052 

35 

Printed Circuit Socket 

45035 

40 

Resistor . 1% (Rig) 

26834-473 










FIG.5- VALVE PANEL ASSEMBLY -5215 


ten No. 

description 

Avo Pert No. 

1 

Valve Panel 

3267-506 

2 

Esrjtcneon 

3376-424 

fl 

Va' ;e Pin Selector switch A$se T .oly 

452’0 

S 

'/£''» Hdce- sja-esse-=bly 

45212 

13 

Helper Assenoly 

21199-4 

14 

Socket i 4 -way 5? US 

Z542Z-233 

15 

Ydvgheleer 555 

2S2S1-153 

16 

Vi' /enoice- 34/5 SP5i 

23251*122 

17 

Vi • vendee- 310B 

23231-733 

13 

Vi' ;®nd-*r 39A 

IIS23WC9 

19 

Va*. vendee- 350 

222?.:-7 36 

20 

Vi'venclce* 1.0 

22251-154 

21 

Vi '-/choice- Ca*aactron 

23231-757 

22 

VilvertdCer 38C 

23231-675 

23 

Ya'./ehdaer 87G 

28231-632 

24 

Vi! /choicer E3A 

2S2S1-663 

42 

tr 2--oxcjoe 3*ao (No: iliuscratee) 

2785Q-32I 



• 21 - 














FIS.5- riA VOLT 

SWITCH ASSEMBLY 4519C 


Iter. No. 

Description 

Avo Fart No. 

1 

Resistor 14.45 = IS {*2=) 

25235-710 

2 

Resistor 33.$c : i*. (3C9) 

26235-717 

3 

Roister 310c c IS {3301 

25235-736 

4 

Resistor I.3UL : 11 (F3i> 

25334-453 

•• 

Capacitor Q.Ol^f *‘3. -29S (02) 

27532-353 

3 

tA Volt swi ten 

-5321 

1 

Resistor 2.4kc ; Zi ;F35) 

25324-454 


© 




Fkj 6 in A Voli Switch Assembly .15190 





FIG.;- rnA SWITCH A 55 Ei v 2 L? CS 139 


Item .No. 


Description 


Avo Part No. 


1 

2 

3 

a 

'3 

6 

7 

3 

9 

10 
11 
12 
13 
K 
15 


mA Switch 

Resistor 3.4yr. r K {34 > 
PsSistOr 52.5fi = 11 (314) 
Resistor 24.2a. : }’. (ST 3: 
Resistor R.02a.: ll (Hl2l 
Resistor 2.4 q. : 0.05c (RH; 
Resistor 16-.a - li (RIO) 
Resistor 231kQ. t •'» 'RSi 
Resistor 53Ckji : 1*. ;»/) 
Resistor 1.3%: 11 (R6) 

Resistor 2.2;% t 11 (RS) 
Resistor 1 . 11 * : !'. ;»I5; 
Resistor 4.2ita : 1*. 16) 

Resistor 22’<a ; 11 ,RJ7) 
Resistor ?1 !cq z 11 (39) 


^ r ^ • 

13 - 1 Q-COC 

• 64 -J -222 

25441-622 

25437-27? 

2$4 2-4-$3C 

222 : 2-402 

26'-:-911 

:i:-:- 44 ; 

ii:::-44.: 

-C li-cc 3 
So- 33-574 
25 - 32 - 3 S 3 
2 -: 2 ;-- 4 C 5 
2-22:2-420 


- ?4 





n»A Ahbi'iiilily -4 b litli 








FIG.3- GRID VOLTS SWITCH ASSEMBLY 45133 


Item No. Oescr-ption iVc rt No. 


1 

Grid Volts Switcn 

45317 

2 

Resistor 310Q.* 1 * («23) 

25225-736 

3 

Resistor :.\Uslz 1 • (**25> 

25235-757 

4 

Resistor 4.29-<Si-: 1“ (R27> 

26235-793 

5 

.Resistor 9.7'<a ; 1. (R22) 

25538-327 

6 

Resistor ?*S- = li (R24) 

25333-325 

7 

Resistor 7*<& r 1' (R26) 

2532B-222 

8 

Resistor 2.1*0.= 1*. {R20, R21) 

25232-655 

9 

Resistor 4.7ksi- I, {*19) 

'5524-471 







FIG.5- COMPONENT SOARS ASSc-^L' 


Item No. 

Osscripticn 

Avo Part No. 

1 

Component 5C^rd 

3336-452 

Z 

Oioce 0C053 {9i, 02) 

23463-50! 

3 

Resistor 1.5s - 5t (R2A) 

25713-1OS 

6 

Resistor JOOka.: Zj‘ (R1. *2) 

25125-221 

7 

Sect star 700a. = 2* (S3) 

25/82-267 

9 

Capacitor 3jr 4'0v Electrolytic t C5 l 

27J61-2I4 

10 

Capacitor BOV (C7> 

?7463-410 

11 

Caoacitcr 5^c" ZS0 j (C5) 

2*463-550 

1? 

Resistor 0.5& - WS (313) 

25711-205 

13 

Oicce 1C8J itt} 

23451-841 






FIG. 10 - AMPLIFIER CIRCUIT DIAGRAM 


Circuit 
Ref. 

Assy I ten 

Fig. No. No. 

Description 

3‘y 

-VO 

Part :;c. 

tfl 

3 


Resistor 10.: r r. 

1 

26232-32:' 

32 

3 

- 

Resistor 9.U ; r. 

1 


R3 

3 

ZA 

Res*SCCr 15< : 1 

i 

esc it'-. 

R5 

3 

3 

25 

5 

Rc> itor - r. 

Resistor 10’* - I s , 

t 

1 

c 

:t:3:-Aj c - 

2:di a 

«6 

3 

5 

Res - Star :i'< z l \ 

» 

t 

26^34-4}; 

37 

R8 

3 

3 

7 

S 

Resistor 2C'< - 2 : .- 
Resistor 10k ; 2; 

2 

*> 

Z r z6Z----.i 

m:--- 

R9 


? 

Resistor 3.3k ? 1‘ 

? 

2tc-4-4-;’* 

310 

3 

il 

Fes-star 82< ; 2 ; 

1 

26631*:2' 

fill 



Res: star 20v : 2*. 

2 

2563---V5 

R12 

i 

13 

Res ;s*cr 22v - *<£ 

* 

1 

*■:**.-—- 

RI3 

3 

:z 

Ros-stor 5.6k : 2& 

1 

ito--. 

R14 

3 

15 

Resistor 25C2-; |fc 

* 

1 

••••. -- 

• • • »• * •» 

7 * r - v - / »*" 

Cl 

C2 

3 

3 

20 

23 

;ar. W : & s=v dc 

Cao. mb* - •& I23'4 

Cap. Ifop 15V 4c 

Cao. OlClLf ; 20*. 160V jc 

1 

• 

1 

*27522-13]' 

C3 

3 

!0 

i 

27 462-J' 

CA 

3 

A 

1 

27332-12 1 

C5 

3 

10 

Cic. lOuf 15V 8c 

« 

27A5Z-4.;-:* 

C6 

3 

10 

Cao. lOar- 15V 4c 

3 

27A62-4.:’ 

C7 

C8 

3 

2 

H 

16 

Cao 50uf 15V 4c 

Cao. C'47if t K%*&V<tc ) 
Cao. •- 1C£ 160V dc ; 

1 

27**2-:’J- 

27:5;-V 

c.o 

3 

16 

& 

CIO 

VT1-VT3 

D.I-D* 

3 

3 

3 

a 

2 

17 

Cao. 32Ccr ; 2C* 40CV dc 

f 

* 

oe* • \ !,v» 

mnsiiccr ZA* 9xo 

Ciode in 914 

4 

a 

4 A .7 m 4. 

ZS'i-;.../ 

'I 

3 

2? 

Transrcraer 

1 

ArCsJi 

• 

3 

1 

Printed Circa*.t Soar: 

l 

3214-5.!: 

- 

3 

10 

Printed Circuit lacs 

8 



Additional quantities on Oscillator 4 Fewer Unit 3care! "ig. a 


-30- 


: • . <\> . ' i \ ' • i » x.« . » » o u*i ./ • . f . . / i i*j 

• c • *»| '• •! • • *>• f*. • •• III 






7'IJi?b < Gk|{ ft; "BCA3T8 






r* 



^ 



foil 





FIG. 11 - OSCILLATOR £ POKES UNIT CIRCUIT DIAGRAM 


Circuit 

Ref. 


Assy 
Fie. No. 


I: SB-. 

•'*' 0 . 


Description 


a VO 

Par- No. 


Ml 


A 

23 

Resistor 20k r 1*. 

25222-4C4 

R2 


*T 

24 

Res-S tor 5.3'< ; 1-; 

2C-2i2-39j 

9i 


4 

22 

3 esi»tor S.2'< : 21 

i 

R4 


4 

• • 

Resistor 2.4k - 2" 

25324-464 
* ^ ^ « • •» • 

R5 


A 

^ • 

V •• 

Resistor 1.2k : 21 


Re 


a 

• • 

* • 

-esistor 3ek = 21 

: 26c 24-4 

0 7 


4 

A 

Re; IS tor 10k ; 21 





* • 

\ z 


25334-46'* 

39 


■* 

4 

1 - 
V 

• » V • ' » WU» 

Resistor Ik ; 21 } 

: 2-.6.;4.4H 

310 


4 

• 

3 CS:Stor Ik : 21 ) 


all 


4 

• • 

-e>i>tor 1.5k : 21 

Jzoii-’:* 

»'• 2 


4 

* • 

4esistor 270f. : 2% 

•••- • 

• V * • • • » 

l<U 


4 

i* 

Re.:;:or 5.1k r Jft 

- - • •• 

• • • * • 

< i_ 

R|4 


4 


Res-5 ter -k : 21 


31: 


4 


Res-stor -.J> ; t< 


me 


4 

40 

Resistor 9.1A : 21 

2v : .2 4-:* : * 

317 


4 

13 

R-SiStor 620a s 21 

i—4; 

313 


4 

13 

Resistor :oa ; 21 

• •• » i i*| 

• • % • A . • • # 

R13 


4 

23 

RiS-.Stor iCJL : 11 


RVl 


4 

•0 

?o;aot*.o«eW Ik : 201 

2‘ ‘: 

• M * * * I # " * * 

RV2 


4 

12 

Potentiometer 4.7k ; 20i 


C 1 


4 

)Z 

.140. 1??0dF = 21 125V ic ; 

. .. 

V 1 

C2 


4 

<m * 

•» • 

CiO. 1590pr ; 21 123V dc ) 

5 ‘ 

C3 


4 

25 

C43. lOu? I5v dC ) 

• ' . • * i 

C-l 


4 

25 

•lao. IOuF 15V dc } 


• L 

w • 


4 

25 

Cae. 10uF ISY dc ) 


C5 


4 

5 

Cap. 50u? 15V dc 

I 274-2-41: 

• ^ « i « i • • 

c: 


1 

20 

Cao. IOOuF 15V dc 

L t -Cs. • 

C3 


4 

21 

Cjo. 200 U F 30V dc 

a.- e--4u 

V T1 - 

*/T 3 

4 

3 

"r»ns«stors ZN 2925 

: 2°.5 ; .:-coi 

D1 


4 

15 

Diode IS921 

2H4c;-d:i 

D2 


4 

17 

Diode 12 12T5 

2:4,;- 2 nI 

11 


4 

to 

“rsnstomer 

; 4=CL4 

THl 


1 

5 

Tnemistor Type A14 lCk - 201 

1 2?:3i*320 

Th2 


4 

2 

'-emstor Type RW lQk = 201 




a 

y 

Printed Circuit Eoerc 

I 2213-323 

• 


4 

\ 

Heit Sink 

I ^ 



4 

u 

Pr:nted Circuit Tags 

j-2 

• 


4 

34 

Printed Circuit Socket 

. --o-d 

- 


4 

25 

Pri-trd Circuit Socket 

: 15085 

* 

AcH 

; iOrici 

quantities on 

A.-pl-.ri-r 5oer3 Fig. 3 



11 - 







Fio 11 Oscillator ami Power Uml C;rcr.n Diagram 












FIG. 12 - VCM 163 CIRCUIT DIAGRAM 


Circui t 
Ref. 

Assy 

Fig. Me. 

Icsn 

Mo. 

Oescnptioo 

Oty 

AVO 

Pert No. 

31 

9 

0 

Resiseer ICC* : 20. ) 

2 

25135-221 

R2 

9 

6 

Resistor ICO* : 20* J 


»3 

g 

7 

Pc-5 1 S-Cr 70CT. : 2* 

1 

1 

26782*26' 

R4 

7 

• 

Resistor 2.4X - 14 

26232-5co 

35 

7 

ii 

Resistor 2.27M : !. 

1 

-6a3c*/ss- 

R 6 

7 

IC 

Se«istor I.2H ; 1*. 

1 

26232-J43 

R7 

1 

•) 

Resistor 6 «G* ; It 

1 

A 

25232*44; 

33 

7 

3 

Resistor 251* : 14 


'6.'3 = -rH 

A A ft A ft ft ft 

«9 

7 

15 

Resistor 91* = 14 

1 

1 

1 _ ” ; ’ • 

?:0 

7 


Res-Star le< : 1 - 

46 c - 

?■ 11 

7 

3 

Resistor 2.4H - 0 05a 

1 

-5 J ---: 

ai 2 

*13 


; 

Resistor 3,072. : I& 

V 

1 

40 J i> . . 

% 

Resistor 24.3A-: lfe 

A 

* • • • • . j : • 


7 


•es'i'.:r £ 2 .gfc_: Ift 

I 

i’;44--... 

0 i * 

/ 

7 

12 

Resistor I.U ; 1% 

-eststor 4.» r \'i 

• 

HZii m 2 * • 

P. In 

12 

• 

a « ■ t- • • • 

Rl? 

• 

14 

•-sistor 22i: t If* 


-'::6 ‘:: 

Hi 8 

s 

12 

Rests tor 0.688.: 10 & 


» V t • « * 

• • • • 1 •• 

O 1 0 

A 

a 

Resistor 4.7* - 2\ 

Resistcr 2.2M t i; J 

1 

- • C ** • • 

R20 

3 

3 


"5Zii-c 2 <' 

R2I 

a 

3 

Resistor 2.2* - Is ) 

A 


R22 

3 

* 

Resistor 9.7*: 1*5 

f 

.3. . Oft ft. 

• • • e* • •• 

* «> s • ••• 

R23 

3 

l 

Resistor 31 On* : 1*5 

T 

1 

1 

1 

*.* 

ft * • • • «»*ft 

P2* 

»2S 

3 

6 

9 

0 

Resistor 9* t 14 

Reststor 1.11* : & 

'X • • *- • 

• 

ft?S 

8 

7 

'eststor 7k : 14 

1 

1 ~. 1 ;•*, • 3.‘ l 

R27 

3 

4 

Resistor 4.2?K * 1« 

1 


R23 

6 

1 

Resistor 44 . 4 &.Z \% 

i 

• 

2t- . 

i . * * * 

R2« 

5 

2 

Resistor $3.go. : lfc 

1 


R'30 

6 

) 

Resistor 31CA: 'fc 

1 

a 


321 

6 

4 

Resistor 1.3* : -* 

1 

25c 34- Jc.s 

a* 1 * s ft • * 

332 

2 

43 

Resistor 56k ; 2'. 

l 

a • ft • • • 

323 

2 

42 

Resistor 2.4* : 14 

\ 

Jt-; - • :>t. 

• • • • • . • • 

334 

g 

3 

Resistor 15i 

1 

1 

1 

335 

3VI 

6 

1 

9 

Resistor 2 ** ; 24 

2£d24-4<;4 

Rot*nc*.c*eter 500s 

1 

1 

1 

• • 4 * • • « • 

i • . \ + m JftiT 

• • ft • • ft** 

m 2 

1 

• 

Rotenttcoetar 1< 

4.. ii;-;: • 

RV3 

1 

- 

Potentiooeter 2 < 

1 


RV-J 

2 

26 

Rotcrriocetflr 10* r 14 

1 

2.233-i j2 

Cl-C* 

1 


*.asect tors >r «X)V 

i 

A 

27538-313 

C: 

9 

9 

Ceo. a*F 450V Electrolytic 

• 

1 

2*46!*214 

Cc 

9 

11 

Cio. 50 »F 250V 

2Sp? 30V 

1 

J.46j-:c0 

C7 

9 

10 

1 

-.-6^-. U 

. ft ^ • .a ... . 

C3 

Oi .02 

r. 

c 

'jo 0.0 15to? -C-204 

1 

:.S>2--9; 

V 

U 

2 

3-:Ode i»053 

2 

1 

Z £461 - i 

02 

o 

•e 

13 

Diode 1061 

1-54! 

0« 

1 

• 

licce DC 0 S 8 

1 

i 1 - 50 i 

H6.D6 

1 


Dioce It* 2059 

2 

2S46:-o?6 






HG. 12 - VCM 153 CIRCUIT DIAGRAM (cor'd.) 


Circuit 

Assy 

Its*r 


Per. 

Fig. No. 

No. 

Description 

SI 

2 

IS 

5**iten Screen Volts J 

52 

A A 

2 

15 

Switch Ancce Volts ) 

S3 

2 

o 

Switch ?A 

c r 

2 

2 

5«'"ch S'ectrsce Selector 

33 

2 

A 

1 

S-itCn Circuit Selector 

So 

7 7 

2 

A 

21 

Switch Leakage 

P 1 

2 

A 

37 

Switch push-button lA/V 

JO 

C n 

2 

0 

Swi ten -A/V 

S9 

Cl A 

2 

38 

5witer CuSn-button xA 

o 10 

2 

12 

Sw:tcr. Grid Veits 

ill 

2 

>3 

Switen -eater /jits 

S12 

2 

14 

Switch neater Veits ) 

513 

2 

14 

Switch -eater volts ) 

S14 

2 

20 

Switch Set Cycles 

SIS 

2 

22 

Switch On/Off 

T1 

1 

- 

■-.7. Transforre- Assenoly 

i i 

1 

• 

L.7. "r»n$for*er 4^; e raoly 

ft LI 

1 

- 

Relay 

LP1 

1 

2 

fV 

25 

Indicator Lanp (Slue) 

LP2 

2 

zr 

Indicator Lar-p (Red) 

Ml 

2 

2! 

^ctar Asse*oly iA 

M2 

2 

30 

v cter Asse^oly a:// 

- 

2 

24 

5uib 6.5V 0.35A 

• 

2 

23 

Front ftjr.fi 1 

• 

2 

33 

'hOO Aije-^ly 

• 

2 

39 

Hr.oo Coll-- 8 1 sc < 

• 

2 

40 

<nch Cao 3.-ey 

* 

2 

41 

<nco 5*ir: Black 


Qty 


2 

I 

1 

1 

I 

1 

1 

I 

» 

I 

1 

2 

1 


: 


1 


I 

I 

12 

12 

12 


A VO 

Par: No. 


45802 

*538? 

45523 
45137 
45315 
454.11 
45190 

45524 
451S8 
45313 

45825 

4532] 

254=4-251 

45135 

45157 

45211 

255!7-225 
25517-232 

451)1 

452C6 

25:14.5;c 

3286 - 51 ? 

45013 

23762-235 

23752-884 

23752-354 








































~=j|pii 


Usurer- 100k 


Resistor 100 k t 20' J 
ReS’StCr 7000 ; 2* 
Ke»i;tor 2 . 4 M - K 
3«s1scar 2-27M : 1'. 
U«ii:or 1. 3M = 1*. 
Sesistar 6SOK ; 1*. 
Vesi'.tor 25 U ; i« 
: .*S’5t3 r 91* = K 
3e»:»tar 16« : U 
Rev-star 2.4a. : 0054 
’CS'iccr 3.0-22. : \% 

$2.SSL: |% 

=*s>s:ar i.U ; 1 % 

4.3k : 156 

=.- 4 *ltar 22* T Ife 
-3es-3Mr O.tfgO.: 10 ft 


«zo 

RZI 

RZ2 

«23 
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